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1 Introduction 
When we measure movement-related MEGs such as 
movement-related field (MEF) and motor field (MF), 
electromyogram (EMG) obtained from 
corresponding muscles has been used as a trigger 
signal for the alignment of averaging MEGs [1,2]. 
However, the latency of EMG signals is often 
distributed inconsistently, ranging from 30msec to 
60msec and this fluctuation sometimes makes 
difficult to analyze the temporal structure of 
movement-related MEGs [8].   
Using signals of the force sensitive register (FSR) 
may be an alternate approach for a more stable 
latency fluctuation. FSR has been used to measure 
the applied force in the ergonomics/biomechanics 
research area owing to its direct and quick responses 
[3]. Therefore, it is not hard to imagine that the 
temporal patterns to illustrate the relationship 
between force intensity and MEG activity in a 
sensorimotor area can be clarified. With regard to 
isometric force exertion, there was a correlation 
between the force intensity and the intensity of 
neurological responses such as regional cerebral 
blood flow (rCBF) obtained by positron emission 
tomography (PET) [6] and the functional MRI 
(fMRI) signals [7]. It is important to establish such a 
relationship quantitatively by adopting MEG signals 
since MEG has an excellent temporal resolution and 
a spatial one as well.  
The objective of the study is twofold: 1) To 
introduce and evaluate a measurement technique for 
using the force signal obtained by FSR as an 
alternate onset signal for the precise detection of 
averaged MEG, and 2) to show quantitative 
relationships between the intensity of the applied 
force by the thumb and spatio-temporal 
characteristics of movement-related fields. 

2 Methods 
2.1 Measurement of force and EMG 
FSR is used as a measuring device with linear 
conversion capability from the pressure to the 
voltage amplitude, and the sensitivity of the device 

can easily be adjusted. We have used two FSRs in 
this experiment; one is used to measure the thumb’s 
force and the other is to obtain the onset by the 
thumb’s isometric contraction. 

2.2 Subjects and tasks 

Five right-handed subjects (four males and one 
female; 22-36 years) participated in the study.  The 
subjects were instructed to press a pad with his/her 
right thumb continually at irregular intervals of three 
to 10 seconds without any instructional prompts, the 
task was executed on the basis of their voluntary 
finger actions. The intensity of applied force was 
classified into three levels; strong, intermediate, and 
weak forces. The intermediate force was defined 
such that the force was exerted as natural as they can. 
Each level was determined by subjects individually. 
The displacement of the thumb by isometric 
movement is negligibly little, hence the task 
practically causes no changes in the muscle length, 
although the isometric force exertion changes the 
intensity of the applied force alone.  

2.3 Measurement system 
We used a 122-channel whole-head MEG system 
(Neuromag-122). The responses were recorded with 
a 0.03-100Hz bandpass filter (BPF) and digitized at 
a sampling rate of 400Hz. Averaging rejection was 
applied to the MEG data beyond 3000fT/cm. FSR 
measured the pressure of the thumb, and the top of 
FSR was covered with the rubber sheet for noise 
attenuation. MEG and FSR data were averaged off-
line after the elimination of artifacts. The 
measurement data were averaged more than fifty 
times with the trigger signal of the intensity of the 
applied force of the thumb. The averaged data 
ranged from –500 to 600msec around the FSR onset 
time. The data were also processed with a BPF 
(0.1~30Hz) and SSP (Signal Space Projection) as 
noise rejectors. MEG signals of the subjects were 
also matched with respective head anatomies using 
their MRI data to identify the source location of the 
signals geographically.  
The dipoles for MEFs were estimated with the 
following parameters, i.e., goodness of fit (> 90%), 



confidence volume (<250mm3), and the duration of 
a dipole (> 10msec). We estimated dipoles at 
2.5msec intervals from the force onset (0msec). The 
analysis was aimed to clarify the relationship 
between spatio-temporal changes in the intensity of 
the applied force by the thumb and the active 
intensity of the motor and somatosensory cortex. 

3 Results 
3.1 Adjustment of sensitivity for FSR 

response 
Fig.1 shows two typical FSR responses where the 
adjustment of sensitivity generates two different 
types of waveforms. When some intermediate force 
was applied on the FSR, which was adjusted for 
obtaining data, the FSR signal reached its peak in 
50msec, and gradually decreased when the subjects 
decreased the magnitude of the force. When the 
sensitivity is set to the maximum, the elapsed time 
from the start of the measurement to the trigger level 
(2.5V) can be minimized. 

 

 

 

 

 

Figure1: Two typical FSR responses 

We analyzed the elapsed time and the dispersion of 
the FSR response data for two subjects in order to 
adjust the sensitivity for using them as trigger 
signals for MEG averaging. Table 1 shows the 
elapsed time and the dispersion at each intensity 
level of applied force for each subject. 

Table 1: The elapsed time and the dispersion at 
each intensity level of applied force 

Force level Subject A (msec) Subject B (msec) 
Strong  4.3 ± 1.3 8.4 ± 7.5 

Intermediate  4.5 ± 1.7 10.6 ± 3.9 
Weak  4.3 ± 1.3 10.1 ± 3.1 

In the case of using FSR, the average elapsed time 
of the trigger signal by using FSR was 7 ± 3msec 
between the subjects, which seems better than the 
estimated dispersion by means of EMG onset 
(15msec), that Hara and Kuriki [8] discussed.  

3.2 Movement-evoked fields by force 
onset 

Fig.2 shows the superimposed waveforms with iso-
contour maps showing field patterns and MRI 
images with the locations of fitted electric dipoles of 
MRFs. The peak latency of motor field (MF) was 
30msec before the force onset. The peak latency of 
the movement evoked field I (MEFI) was 40msec 
after the force onset. The peak value of the 
movement evoked field II (MEFII) was obtained at 
130msec after the force onset. For all the subjects, 
the contour maps of MEFIand MEFII were obtained. 
The clear MF was detected for some subjects, but 
not for all. 
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Figure 2: Observed MEG waveforms and iso-
contour-maps with the location of fitting dipoles. a) 
Superimposed MEG waveforms (122ch). b) iso-
contour maps of MF (-30msec). c) iso-contour maps 
of MEFI (40msec) 

We obtained the contour map for MF, in which the 
dipoles were fitted in bilateral spheres. On the other 
hand, the dipoles can be seen in the contralateral 
hemisphere for MEFI. The dipoles were projected 
on the MRI images at each force level (strong, 
intermediate, and weak force) from the force onset 
to 100msec after the force exertion. For all tasks, the 
dipoles were located and activated over the 

Left Temporal 

A P L R A P 

Right Temporal 

A P L R A P 

Left Temporal Right Temporal 

20fT/cm 

100mse

Onset 0msec MEFII peak latency 130msec 
MEFI peak latency 40msec 

MF peak latency -30msec 

-2
0
2
4
6
8

10
12

-100 0 100 200 300 400
time (msec)

FS
R 

si
gn

al
 (V

)

FSR trigger signal FSR force signal



respective somatosensory cortex, whereas no force-
related changes in the dipole location were identified. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The locations of dipoles with their MRI 
images:  
(1) The locations and directions of estimated 

dipoles from strong force task. 
(2) The locations and directions of estimated 

dipoles from intermediate force task. 
(3)   The locations and directions of estimated 

dipoles from weak force task  
Dipole locations are shown as circles with a tail 
indicating the amount and direction of current flow. 

3.3 The relationship between applied force 
and dipole of MEF 

We estimated the dipoles at 2.5msec intervals from 
force onset (0msec) to the peak of the applied force. 
All estimated dipoles were located at the 
somatosensory cortex. We analyzed temporal 
characteristics by comparing FSR data with the 
estimated dipoles. Fig.4 shows both the relationship 
between the intensity of applied force and the 
magnitude of dipole moment with correlation 
coefficients between them for each force level and 
each subject. The figure also shows the definite 
tendency that the amount of current flow generated 
by the dipole increased when the applied force was 
increased during the process from the force onset 
(0msec) to the peak by isometric force exertion. The 
highly positive correlation coefficients between the 
intensity of applied force and the dipole moment 
implied that the somatosensory cortex associated 
with isometric force exertion becomes active during 
the process of isometric exertion.  

 

 

 

 

 

 

 

Figure 4: The correlation between dipole and 
intensity of applied force (The vertical axis is dipole 
moment (nAm); the horizontal axis is the intensity of 
applied force (V)). 

Fig.5 shows the temporal relationship between the 
dipole and the intensity of applied force. We 
compared the amounts of current flow generated by 
the dipoles among the tasks (strong force, 
intermediate force, and weak force) at 2.5msec 
intervals. 
 

 

 

 

 

 

Figure 5: The temporal relationship between dipole 
and intensity of applied force. (The vertical axes are 
dipole (nAm, right) and intensity of applied force (V, 
left); the horizontal axis is time (msec)) 

When subjects performed the task with the strong 
force, the amount of current flow was higher than 
that with the intermediate force. Similarly, when 
subjects performed the task with the weak force, the 
amount of current flow was lower than that with the 
intermediate force. Although further analysis for 
different force levels should be done, current results 
implied that the somatosensory cortex became active 
as subjects’ intention of force exertion increased.  
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4 Discussion 
4.1 Evaluation of measurement technique by 

using FSR  

We applied a force measurement technique in this 
study, in which force signals obtained by FSR can 
be digitized along with MEG signals and they can be 
used as trigger signals for the alignment of 
averaging MEGs as well. By using this technique, it 
was found that the time between the onset of 
isometric force exertion and the onset recognized as 
a trigger signal was 7msec with the duration of 
3msec. As a consequence of using FSR signals, this 
technique enabled us to measure the trigger signal 
with less fluctuation. By analyzing MEG data, the 
latency of MRF (MF, MEFI, MEFII) was found to 
be consistent with other studies [1,2]. The dipole 
was located on the somatosensory cortex, which was 
related with the isometric force exertion of the 
thumb, and the location was consistent with other 
studies [4,5] as well. Therefore, it can be concluded 
that the measurement technique by using FSR 
apparently proves to be effective for measuring 
MRF.          

4.2 The relationship between the MRF and 
the intensity applied force  

We showed two results of the relationship between 
the intensity of force and the intensity of current 
flow generated by the dipoles, i.e., 1) the intensity of 
current flow for MEFI was synchronized with the 
increase of intensity of applied force during the 
period from the onset of force exertion to the peak 
force, and 2) the amount of current flow increased 
when the subjects performed the three tasks (strong, 
intermediate, weak). Dettmers, et al. [6] measured 
rCBF using PET when the subjects pressed the 
Morse-key with the index finger. When the subjects 
performed an isometric exertion with strong force, 
rCBF increased in accordance with the force 
intensity [6]. They found that the relationship 
between rCBF and the %MVC was logarithmic at 
the initial steep. In Thickbroom [7], a positive 
correlation was found in the relationship between 
fMRI signal and the intensity of the force obtained 
from four-finger grip motions. Our current result 
was consistent with their studies to some extent. 
Due to the temporal resolution of MEG signals, the 
proposed technique enables us to investigate the 
relationship between the intention of exerting force 
and movement-related fields quantitatively, whereas 
it is impossible to analyze such a relationship by 
means of other techniques such as fMRI and PET 
due to the lack of their temporal resolution. The 

present technique will contribute to exploration of 
the cerebral functions associated with not only the 
intention of force exertion but also movement 
parameters such as changes in joint angles, velocity, 
and acceleration.        
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